Abstract. It is performed the diagonalization of a non-Hermitian four-zero texture Yukawa matrix with a general formalism. This procedure leads to 3 possibilities to parametrize the relation between the fermion masses and the elements of the corresponding Yukawa matrix. Then, the matrices that diagonalize each Yukawa mass matrix are combined in order to obtain 9 different theoretical CKM or PMNS mixing matrices [1] . Through a χ 2 analysis, we have constrained the values of the remaining free parameters such as the theoretical mixing matrix matches the latest experimental measurements of the mixing matrices. This analysis was done without assuming any approximations. In the case of the quark sector, it is found that only four different theoretical mixing matrices are compatible with the actual high precision experimental measurement of the CKM matrix elements. For the lepton sector, where the masses of neutrinos are not known, we found that independently of the parametrization that have been chosen, the updated experimental measurements of the mixing angles in the PMNS matrix, imply a mass for the heaviest left-handed neutrino to be ∼ 0.05eV.
Introduction
None of the Standard Model (SM) symmetries explain the mass spectrum of fermions or the number o families. This give to fermion masses and the mixing matrix elements the status of free parameters of the model that have to be fixed trough experimental measurements. Nevertheless, experimental measurements of this free parameters can be done. Once measured, such values can be used as inputs to make new predictions for different non-measured processes. Surprisingly, most of those predictions have been now confirmed experimentally, turning the SM in the most successful description of the elementary particles at the electroweak scale. In last years the mixing in both, the quark and the leptonic sectors, that are given in terms of the Cabbibo-Kobayashi-Maskawa (CKM) matrix elemenst or the Pontecorvo-Maki-NakagawaSakata (PMNS) matrix elements , have been measured with increasingly precision. It is expected that future B factories, like SuperB [2] , will improve the measurements of CKM parameters with a precision less than 1%. In a similar way, current and future neutrino facilities will improve the precision of the PMNS elements. In other words, any extension of the SM that would like to explain the question about the mass spectrum and mixing, should have to reproduce the mass and mixing data at least at the same precision. A more general theory, with an underlying symmetry between flavors will predict a Yukawa matrix in the flavor basis that could reduce the number of free parameters because it exists a close relation between the masses of fermion and the mixing matrix elements [3, 4, 5, 6, 7, 8] . There are many models Beyond the Standard Model (BSM) that lead to Yukawa matrices with structures that could reveal possible underlying symmetries between flavor of fermions. From a phenomenological point of view, it is possible to analyze if there is an underlying symmetry with a different approach, which consist in proposing a reasonable phenomenological form of the Yukawa matrix (a Texture) and restrict its entrances with experimental information. One of the early proposes was made by H. Fritzsch [9, 10] with a texture mass matrix with the smallest number of free parameters that can deal with experimental bounds. Following the same philosophy, the 4-zero texture mass matrix has been one of the most used to parametrize the Yukawa couplings in the flavor basis [7, 11, 12, 13, 9, 4, 5, 14] . This matrix can arise from extended models with discrete symmetries or GUT at low energies, thus it is important to understand the properties and scopes of this kind of matrices in order to interpret the possible new physics effects that are predicted by extended models leading to this type of textures. It is important to stress that the number of the introduced free parameters at the Yukawa matrices can not be greater than the relation found in the SM if we want to have new information about flavor. In this sense, the search of Yukawa matrices that can describe very general relation between flavor mixing and masses with the minimum number of free parameters is an essential task to parametrize new physics effect coming from several models. In this work we point out that, although in many works has been demonstrated that the hermitian 4-zero Yukawa matrix is a good framework to find phenomenologically consistent relation between mass and mixing angles, the hermitcity condition is not needed. A particular non-hermitian matrices can be considered with the same number of free parameters and conditions phases of the matrix elements. This open the possibility to consider models BSM that naturally predict non-hermitian Yukawa matrices.
Parametrizations of the non-hermitian four-zero Yukawa matrix
The general 4-zero matrix textures has the form
In hermitian case, one has to assume that C f = C * f and B f = B * f . Here we only assume that |C f | = |C f | and |B f | = |B f | but the phases can be different [15, 16] , is in this sense that we are using the term general. Because this matrix is in general non-hermitian, the diagonalitazion process must be done with a bi-linear transformation of the form
where
are already known because they are the fermion masses.
Only the left-handed matrix is observable once the CKM or the PMNS matrix elements are measured, thus we only need to find the matrix U f L solving the equation
where is defined the matrix
From now on, we omit the index f for short. The key question in the reduction of parameters is to observe that H f is hermitian by construction, thus it is possible to separate the phases of its non-diagonal element with a unitary transformation as usual, writing
where Then the real and symmetric matrix to diagonalize is given bỹ 
It is important to stress that the relations between the elements of the mixing matrix and the masses are not the same than in the hermitian case and the specific mass spectrum of fermions imposes relations on the phases of the matrix (1), this is important because we have obtain that the same number of phases needed in the hermitian case is the same number of phases needed in the non-hermitian case imposing a specific spectrum of masses.
In order to reduce free parameters inH using the fact that squared fermions masses are the eigenvector ofH, the equations 
are solved for b, c and d in terms of the eigenvalues m 2 i and the parameter a. The system (7) has formally 32 solutions that are closely related by chiral transformations that basically change the sign of the masses m i , thus without loss of generality we can assumed that m i > 0, where i = 1, 2, 3, and adjust the interval of possible values that the free parameters can take. Once the restrictions on parameters and the normal order of masses m 1 < m 2 < m 3 are introduced, the number of independent solution is reduce to three. This means that exist three independent parametrizations for U f L that diagonalize H. Such parametrizations are given by
where for all cases c = 
0.9950 < a u < 0.9977 0.99915 < a d < 1.0 φ bfp = 1.568 1.48 (3, 2) 0.9945 < a u < 0.9978 0.9989 < a d < 1.0 φ bfp = 1.568 2.13 (3, 3) 0.9958 < a u < 0.9978 0.99949 < a d < 1.0 φ bfp = 1.5723 2.163 Table 1 . Allowed values of the parameters a u and a d at 68% C.L.
χ 2 analysis
We define the quark and lepton flavor mixing matrices, U PMNS and V CKM with the help of the matrices O f , f = l, ν, u, d that diagonalize the Yukawa mass matrices of charged leptons, lefthanded neutrinos, u-type quarks and d-type quark respectively. By incorporating the phases again we have that the theoretical mixing matrix obtained from the four-zero texture Yukawa mass matrices are:
2 ) ] and
]. The matrices V CKM and U PMNS can be expressed as explicit functions of the masses of quarks and leptons and the few free parameters a u , a d , φ, a l , a ν , m ν3 . We fix φ ≡ φ u
. By using the current values of the unitary angles and the CKM entries [17] together with the current values of the PMNS matrix , including a large lepton mixing angle θ 13 provided by T2K, MINOS and Double Chooz experiments [18] , we have performed a simple χ 2 analysis. For quarks the χ 2 function is given by:
with
The allowed values for a u and a d 68% C.L. are shown in Table 1 . It is interesting to observe that the best fit point (bfp) for the phase angle φ is very close to ∼ π/2 in all cases. Furthermore, the strong hierarchy in the CKM matrix structure demands an strong hierarchy in the Yukawa mass matrix, so strong that practically it is impossible to see a difference between the different matrices obtained for the each parametrization.
For the leptonic case, the χ 2 is also a function of the mass of the heaviest neutrino m ν3 . We perform the χ 2 analysis only with the moduli of the U PMNS matrix
In this case we have an extra parameter, that is, the mass of the heaviest neutrino. The best fit points for the different parametrizations after minimizing the χ 2 function are shown in Table  2 . From this table, it can be noticed that each parametrization can lead to different structure in the Yukawa mass matrices. Actually, the CP phase angle Φ 1 has now different values, even as small as zero. But it is also important to stress that all 9 possibilities leads to almost the same mass for the heaviest neutrino m ν 3 ∼ 0.05 eV. Table 2 . Best fit points for the leptonic sector.
3.0.1. The relevance of large sin θ 13 The increasing precision in the determination of the mixing angles is a powerful tool in order to analyze if certain texture is able to reproduce the mixing pattern. In our analysis this can be seen in Fig. 1 . In black solid line it is shown the projection of the χ 2 function in the m ν 3 plane, obtained when the small, old value of sin θ 13 . It can be seen that at ∼ 1σ C.L. there is only a lower bound on the neutrino mass m ν 3 . On the other hand, if we update the value on sin θ 13 to the latest experimental value [18] , we can perform the same χ 2 analysis and we obtain the red line shown in the same Fig. 1 . It can be seen now that the χ 2 function as a function of the neutrino mass m ν 3 have been narrowed pointing out to a favored mass of m ν 3 = 0.05.
Conclusions
Here we have shown that when a non-hermitian four-zero mass matrix is considered, the explicit inclusion of the known eigenvalues as the masses of fermions leads to relations on the phases. This relations reduce the number of phenomenologically relevant free parameters to be the same as in the hermitian case. Although this analysis can not determine the specific values of phases, it demonstrates that the same χ 2 analysis that is done for the hermitian case, can be use for more general matrices as the four-zero mass matrix with that leads to different relations and bounds. The general four-zero mass matrix can arise from extensions of the SM and here we have shown without approximations the implications on the relations between fermion masses and mixing matrix elements. The χ 2 analysis shows that a small variation on the experimental measurements can have important consequences on the prediction of free parameters. In the lepton sector an updated measurement of the neutrino mixing angle θ 13 leads to a prediction for the mass of the heaviest neutrino to be ∼ 0.05eV. Using old results for θ 13 Current large value of θ 13 Figure 1 . Effect of the new measurement on the neutrino mixing angles in the determination of the neutrino mass for a 4-zero mass matrix texture.
